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Neuron is marking its 30th anniversary this year. Which Neuron papers have struck you as truly elegant or inspired, and why? Happy 30th anniversary! There are so many elegant and inspired publications that it is impossible to make a rational choice. But I want to call out two papers that are very meaningful to me. First, a paper published in 1995 with Larry Katz as senior author and coauthors Michael Welicky, Karl Kandler, and David Fitzpatrick exploring the synaptic connectivity underlying orientation columns in visual cortex (Welicky et al., 1995, Neuron 15, 541-552 What future direction in neuroscience are you most excited about? There are so many unanswered questions for generations of neuroscientists to answer-a wonderful but also sobering thought. As I age, I wish there were answers to the challenges of understanding and treating neurodegenerative disorders. I'm concerned about the singular view from the clinic-that is, designing treatments based on a patient's current condition, rather than from a deep mechanistic understanding of how disease evolved. The disappointment in current Alzheimer's trials may be a good example of this approach. Of course we all want treatments now! But our brains are a miracle of adaptation and synaptic plasticity, and these are surely part of the etiology of many brain disorders. Yet currently the focus is on the endpoint rather than the process. I am most excited by the possibility that someday we will know enough
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Stanford University about mechanisms of brain plasticity to be able to restore plasticity to the aging or damaged brain; regenerate synapses, pathways, and circuits; and make an old brain young again. Research has shown that this is possible in mice. Perhaps human brain organoids will teach us new lessons about the biology of human neurons and open up new treatment avenues.
What is your guiding philosophy for running your lab? Work on major unanswered questions that will excite and engage you for an entire lifetime! Don't get too sidetracked by technology-use every tool in the toolkit to try to answer those burning questions, and build collaborations with other colleagues who have the tools and expertise to contribute to your research problem. Collaborations have been a truly wonderful part of my research experience-they always teach you more than you could possibly ever know by yourself, leave you feeling humble, and can create lasting friendships and professional relationships. That's true in life as well-ask for help and advice-even if you decide not to take it! What are the questions that inspire your lab? The major question that has been an inspiration and motivation for my entire career is ''How is the extraordinary precision of adult connections established during development?'' During my PhD training with David Hubel and Torsten Wiesel at Harvard Medical School, I was awestruck by the beauty and almost crystalline-like precision of circuits in the adult visual system from retina to LGN to visual cortex. It seemed as if those circuits in the adult brain were so precise that they had to be hard-wired at the outset, with little left to chance. Or, could visual experience play a role? Because an almost adult pattern of ocular dominance columns is present in visual cortex well before birth in monkeys, and before eye-opening in cats, it was argued, reasonably, that neural activity driven by visual experience could not be a factor. Thus it was assumed that the system had to be hardwired, but researchers disagreed about how this almost adult pattern could appear before birth. Is there a hardwired blueprint that is not turned on initially and takes time to implement? Or, alternatively, perhaps a special kind of neural activity-generated spontaneously within the central nervous system-contributes to patterning neural connections, even in utero and before sensory experience. Could this activity-driven process, implementing Hebbian synaptic learning rules, refine, prune, and remodel synapses according to their use? These questions led to discovering the spontaneous waves in the retina and demonstrating their requirement for eye-specific segregation of retinal ganglion cell axons to form the layers in the LGN. In a nutshell, this is a question of ''nature versus nurture,'' and answering it has kept me happily engaged for my entire career as an independent scientist. My lab is still focused on this question, now taking a deep dive into molecular mechanisms of how neural activity is translated into lasting structural change in circuits and at synapses. The completely unexpected discovery of a new function for molecules belonging to the Major Histocompatibility Class (MHC) I family in neurons and their role in synapse pruning has followed. We want to know how these moleculesfamous for their role in immunity-function at the synapse, both during normal development and disease, such as in schizophrenia and Alzheimer's disease. We also want to know if our observations made in mice are relevant for humans.
Do you have a favorite anecdote from doing science that you'd like to share about a key discovery? In my own lab at Stanford in 1978, I thought that by studying development of connections between the retinal ganglion cells (RGCs) and their target neurons in the LGN it might be possible to address the nature versus nurture question systematically. These connections are a developmental biologist's dream because they are relatively accessible and highly stereotyped: in adults, retinal ganglion cells from each eye are connected to LGN neurons in separate but adjacent eye-specific layers. However, it was assumed that the segregation of RGC axons originating from the right and left eyes into layers within the LGN had to be hard-wired because the layers are so precise and form prior to birth, even before the rods and cones function.
In the visual system of binocular mammals from monkey to mouse, this eyespecific segregation of RGCs is not present at the beginning of development. We showed that RGC axons from both eyes are intermixed with each other, and only subsequently do the axons form eye-specific LGN layers, by pruning away sets of inappropriately located synapses and by forming and strengthening correctly located ones. Blocking action potential activity prevented eye-specific segregation, an observation that surprised many at first but provided important evidence against the argument that connections are entirely hard-wired. On the other hand, blocking action potential activity did not alter the targeting of RGC axons to the LGN or the initial formation of the retinotopic map, both of which we now know are dependent on hard-wired molecular guidance cues such as the ephrins and Eph receptors, underscoring the dynamic interplay between ''nature and nurture.''
The biggest surprise of all came when our lab discovered that the type of neural activity needed for LGN layer formation is generated spontaneously by the RGCs in the form of highly correlated ''waves'' of firing that sweep across the retina. This discovery happened at Stanford during a wonderful collaboration between Rachel Wong, at the time a postdoc in my lab and now a professor at the University of Washington, and Markus Meister, a postdoc in Denis Baylor's lab and now a professor at Caltech. We used what was then an entirely novel method of multielectrode recording to monitor simultaneously the neural activity of well over 50 retinal ganglion cells and found, incredibly, that even in the dark and prior to vision, neighboring RGCs in the eye fire action potentials synchronously. It was during this period of research in the 1980s and 1990s that I coined the phrases ''Cells that fire together wire together'' and ''Out of synch, lose your link'' to describe the synaptic learning rules at retinogeniculate synapses. At first, some believed that the retinal waves and the need for activity-dependent circuit tuning during early development were ''experimental artifacts,'' and the work was greeted with skepticism. It wasn't an easy time for me or for my students. But nowadays, with the advent of powerful in vivo microscopy, mouse genetics, optogenetics, and the ability to observe and to make direct manipulations of neural activity, it is heartwarming to see how these early observations made so long ago have not only gained acceptance but have also facilitated marvelous discoveries we never could have imagined.
What has been the highlight of your career? Scientific progress is built on the discoveries made by science pioneers of the past. I find this process amazing-to discover something that no one knew before, and then to see it grow and form a foundation for further knowledge. A career highlight for me has been the acceptance of the idea that the developing brain in utero is spontaneously signaling to test and refine circuits. But an even more wonderful highlight is the success of the students and postdocs who contributed their brilliance to my lab and then went on to thrive in their own careers. If you Google ''Carla Shatz Neurotree Family,'' you can see how my own life is built upon the past and has contributed to the future in a way I could never have imagined.
Who were your key early influences? I have always had a dual love of science and art, reflecting the passion and interests of my parents. My father was trained as a mathematician at the New York University Courant Institute and then became an aeronautical engineer, designing aircraft and guidance systems for space exploration. My mother was a painter who received an MFA with Philip Guston at the University of Iowa. From my parents I learned to appreciate this duality, which has driven many decisions along my career path. When I went to Harvard (Radcliffe College) as an undergrad, I intended to major in astrophysics-an intention dispelled immediately by a very boring freshman course. I took almost as many classes in art and design as in science (majoring in chemistry), including one on art and visual perception from Rudolf Arnheim that made me wonder how the brain processes visual information. This interest led me directly into the newly born field of neuroscience and to the laboratory of David Hubel and Torsten Wiesel at Harvard Medical School, where I spent my senior year doing an honors tutorial. The rest is history! When I received a PhD in neurobiology from Harvard Medical School in 1976, I was the first woman to do so. Hubel and Wiesel made me feel welcome and appreciated, though at the time I expect that they and the department were conducting their own ''experiment'' to see if a woman could succeed. The lab in those years (1971) (1972) (1973) (1974) (1975) (1976) was filled with excitement. Every day as a student I watched the beauty of visual system organization emerge before my eyes. I thought, ''All research must be like this!'' Of course, little did I know that I was observing the unfolding of a Nobel Prize in Physiology or Medicine, awarded in 1981. From David and Torsten I learned the joy of research, the importance of articulating and presenting results clearly, and the thrill of going scientifically where few have ventured before. I am forever thankful to them for being such wonderful mentors.
What motivated you to become a scientist?
Here is another way of phrasing this question: As a little girl, why was I not dissuaded from becoming a scientist? I was, and still am, a science nerd, but when I was a child my parents were not worried. (Perhaps they should have been?) For them, it was OK for a girl to be good at science. Most importantly, I learned that science is fun and full of great mysteries and surprises. This fact-the surprise of science-has led me to believe that when an experiment yields exactly the answer that is expected, something special and new may have been missed. Even the best experiments can yield only glimpses of the underlying beauty and complexity of the brain. By the way, I love reading mysteries, and my current favorites are art theft mysteries such as those by Iain Pears.
What do you think are the biggest challenges science as a whole is facing today? Scientific discoveries, the scientific method, and scientists are not taken seriously. Sometimes on an airplane the passenger in the seat next to me asks what I do. When I say that I am a neuroscientist and study how our brains learn during childhood, the reaction is often, ''WOW, that must be really hard.'' On the other hand, when I say that I teach biology, a conversation is more likely. Many people view scientific discoveries as too difficult to understand, and even as ''optional,'' as if there are ''alternative truths.'' I find it incredible that there are parts of America still engaged in a debate about the validity of evolution, or the dangers posed to the survival of our planet by climate change. In our throwaway society, are we heading toward throwing away Earth itself in favor of a colony on Mars? I know this idea sounds ridiculous, but somehow educational efforts to generate a broad public understanding of science have failed. Not surprising, given our ever-diminishing investment in science education or, for that matter, high-quality education in general at the secondary school level.
To tackle your favorite research question, is there a tool that either needs to be developed or is currently available that could be implemented in a novel way? There are plenty of tools that have been developed to answer major questions in neuroscience, and many more are in the works thanks to the NIH BRAIN initiative, which is exciting and visionary. I'm more worried about accessibility to those tools. To make an analogy with our society, I'm concerned that the research enterprise is fragmenting into ''the one-percenters'' and everyone else. This one percent of labs has access to major resources and can conduct the kind of ''big science'' experiments that seem to be required these days to publish in high-profile journals such as Neuron and to succeed in follow-on funding. This problematic access will limit progress and also will narrow the arc of discovery as the number of labs that can contribute decreases. You never know where the next major idea or discovery will come from, and a wonderful aspect of the neuroscience research enterprise over the past 30+ years is its robust diversity. How do you view the level of crosstalk between neuroscience and other disciplines? Neuroscience has always been interdisciplinary, starting with its early beginnings in the labs of physiologists who used the electrical properties of neurons to probe neural function. Indeed, neuroscience could be the poster child for interaction. This question is near and dear to my heart because of my own research experience drawing from many different disciplines, even including immunology. It is also a current sweet spot in my role as director of Stanford Bio-X, a university-wide institute that funds interdisciplinary, high-risk, early-stage training and research with the theme of human health (http://biox. stanford.edu). Knowledge cannot advance without breakthroughs. Genuine breakthroughs that are transformative often require interdisciplinary collaborations and most importantly need resources from someone willing to take the risk. Bio-X takes the risk. I wish that the NIH would take more risk. It has been exhilarating to watch the amazing ideas emanating from the interdisciplinary collaborations created by Stanford faculty and students who have participated in Bio-X.
What advice do you find yourself giving to your students and postdocs? Don't lose sight of the big question that excited you and brought you into neuroscience in the first place. That's what can keep you coming into the lab every day even when experiments are not working. Experiments are the name of the gamethey more often fail than succeed, but even failures can be instructive. I think scientists are very resilient, but resilience takes work, a vision of the big picture, and optimism. I also urge students to think out of the box. Unexpected and novel discoveries come from looking in the darkness just outside the lamppost. As chairman, I urged junior faculty never to give up on their ''dream experiment'' but also to be highly pragmatic and write a realistic first NIH grant application. Survival is necessary in order to implement dreams.
What question keeps you awake at night? What will happen to tolerance and freedom for all if the current political climate in the United States persists?
What do you do when you're not in the lab? Right now I have two all-consuming fulltime jobs: the lab and directing Bio-X. I love them both! Still, having time to clear the air and the brain is very important for inspiration and rejuvenation. I used to be an avid backcountry skier and hiker, but age has diminished those activities, and adventure travel has replaced them. I have enjoyed trips to the Arctic, Botswana, and the Galapagos, and each one of these trips has provided a profound reminder of climate change, evolution, and the survival of our planet.
Did you encounter particular difficulties? How did you overcome them? When I left home in 1965 to go to college, I had no idea what I might become. If you had asked me then to predict my future, I would have said that the one certainty is that I would be married with children. It is incredible to me that my life has turned out so differently. Back then there were no female role models to lead the way. I was married, but waited until too late to have biological children, despite many disappointing attempts. Still, there is a silver lining. I have dedicated myself to making sure that women are represented on the faculty of neuroscience departments at Stanford, Harvard, and UC Berkeley. And, over the years, I have been truly privileged to have incredible students and postdocs in the lab; they are my scientific children. Without them, none of the discoveries would have happened. These are extraordinary people-many are now colleagues and friends. They are not only talented and creative, but they have also had the courage to join me on a scientific journey that has often ventured into unknown and controversial territory. There is no adequate way to express my gratitude to them.
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